Human brain glyceraldehyde-3-phosphate dehydrogenase, succinic semialdehyde dehydrogenase and aldehyde dehydrogenase isozymes: substrate specificity and sensitivity to disulfiram.
Several enzymes active in the presence of NAD with acetaldehyde and propionaldehyde have been purified from human brain and characterized. The enzymes have been identified as aldehyde dehydrogenase (EC 1.2.1.3), NAD-linked succinic semialdehyde dehydrogenase (EC 1.2.1.24), and glyceraldehyde-3-phosphate dehydrogenase (EC 1.2.1.12). Glyceraldehyde-3-phosphate dehydrogenase is extremely heterogeneous with some isozymes active with acetaldehyde, others inactive. The cytoplasmic enzyme, which is the classical glyceraldehyde-3-phosphate dehydrogenase, is inactive with acetaldehyde as substrate; the isozymes that are active with short chain aliphatic aldehydes are localized in the mitochondrial fraction. Properties of glyceraldehyde-3-phosphate dehydrogenase isozymes with respect to short chain aliphatic aldehydes and inhibition by disulfiram are described. Their Km values for acetaldehyde range from 300 to 2000 microM. All glyceraldehyde-3-phosphate dehydrogenases that are active with acetaldehyde are easily inactivated by low concentrations of disulfiram. In all cases activity regain can be obtained with 2-mercaptoethanol; in the case of two glyceraldehyde-3-phosphate isozymes (E8.5 and 9.0), activity can also be regained with cysteine and with glutathione; activity of E6.6 and E6.8 glyceraldehyde-3-phosphate dehydrogenases could not be regained with 33 microM cysteine or glutathione. Succinic semialdehyde dehydrogenase and aldehyde dehydrogenase (EC 1.2.1.3) were also inhibited by disulfiram; their activity could be regained with 2-mercaptoethanol but not with 33 microM cysteine or glutathione. Comparison of human brain succinic semialdehyde dehydrogenase and aldehyde dehydrogenase with glyceraldehyde-3-phosphate dehydrogenase shows that the activity with short chain aldehydes is not unique to aldehyde dehydrogenase; neither is sensitivity to disulfiram; activity with 3,4-dihydroxyphenylacetaldehyde appears to be a unique property of aldehyde dehydrogenase (EC 1.2.1.3).